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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located: 

St  ream : 

Date  of  Inspection: 


Forest  Lake  Dam,  Missouri  Inv.  No.  10128 

Missouri 

Adair 

Big  Creek 

September  29,  and  October  6,  1978 


Forest  Lake  Dam  No.  Mo.  10128  was  inspected  using  the  "Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams".  These  guidelines 
were  developed  by  the  Chief  of  Engineers,  U.S.  Army,  Washing¬ 
ton,  D.C.,  with  the  help  of  Federal  and  state  agencies,  profes¬ 
sional  engineering  organizations,  and  private  engineers.  The 
resulting  guidelines  are  considered  to  represent  a  consensus  of  the 
engineering  profession. 

Based  on  the  criteria  in  the  guidelines,  the  dam  is  in 
the  high  hazard  potential  classification,  which  means  that  loss  of 
life  and  appreciable  property  loss  could  occur  in  the  event  of 
failure  of  the  dam.  Four  farmouses  with  associated  farm  buildings 
and  two  Improved  road  crossings  would  be  subjected  to  flooding, 
with  possible  damage  and/or  destruction,  and  possible  loss  of  life. 
Forest  Lake  Dam  is  in  the  intermediate  size  classification  since  it 
is  more  than  40  feet,  but  less  than  100  feet  high,  and  impounds 
more  than  1,000  acre-feet,  but  less  than  50,000  acre-feet  of  water. 


Our  inspection  and  evaluation  indicates  that  the  spill¬ 
way  of  Forest  Lake  Dam  does  not  meet  the  criteria  set  forth  in  the 
guidelines  for  a  dam  having  the  above  size  and  hazard  potential* 
Forest  Lake  Dam  is  an  intermediate  size  dam  with  a  high  hazard 
potential  required  by  the  guidelines  to  pass  the  Probable  Maximum 
Flood  without  overtopping.  It  was  determined  that  the  spillway 
will  pass  25  percent  of  the  Probable  Maximum  Flood  without  overtop¬ 
ping  Che  dam.  Our  evaluation  indicates  that  the  spillway  will  pass 
the  100-year  flood;  that  is,  a  flood  having  a  1  percent  chance  of 
being  equalled  or  exceeded  during  any  given  year. 

The  Probable  Maximum  Flood  is  defined  as  the  flood 
discharge  that  may  be  expected  from  the  most  severe  combination  of 
critical  meteorological  and  hydrologic  conditions  that  are  reason¬ 
ably  possible  in  the  region. 

Other  deficiencies  noted  by  the  Inspection  team  were  a 
need  for  an  annual  inspection  by  a  qualified  professional  engineer; 
lack  of  a  maintenance  schedule;  extensive  brush  and  tree  growth  on 
the  embankment;  seepage  at  the  right  side  of  the  dam;  rodent 
activity  on  the  embankment;  deteriorated  concrete  on  the  spillway 
crest  and  damage  to  the  channel  banks;  vegetative  growth  in  the 
spillway  channel;  and  Inoperable  gate  valves  in  the  valve  vault. 
The  lack  of  stability  and  seepage  analysis  on  record  is  also  a 
deficiency  that  should  be  corrected. 

It  is  recommended  that  the  owner  take  action  to  correct 
or  control  the  deficiencies  described  above. 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


FOREST  LAKE  DAM,  Missouri  Inv.  No.  10128 


SECTION  1:  PROJECT  INFORMATION 


1.1  General 


a.  Authority 

The  Dam  Inspection  Act,  Public  Law  92-367  of 
August,  1972,  authorizes  the  Secretary  of  the  Army,  through 
the  Corps  of  Engineers,  to  initiate  a  national  program  of  dam 
inspections.  Inspection  for  the  Forest  Lake  Dam  was  carried 
out  under  Contract  DACW  43-78-C-0160  to  the  Department  of  the 
Army,  St.  Louis  District,  Corps  of  Engineers,  by  the  engineer¬ 
ing  firms  of  Consoer,  Townsend  &  Associates  Ltd.,  and  Engi¬ 
neering  Consultants,  Inc.  (A  Joint  Venture),  of  St.  Louis, 
Missouri . 

b.  Purpose  of  Inspection 

The  visual  inspection  of  the  Forest  Lake  Dam  was 
made  on  September  29  and  October  6,  1978.  The  purpose  of  the 
inspection  was  to  make  a  general  assessment  as  to  the  struc¬ 
tural  integrity  and  operational  adequacy  of  the  dam  embankment 
and  its  appurtenant  structures. 
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c.  Scope  of  Report 

This  report  summarizes  available  pertinent  data 
relating  to  the  project;  presents  a  summary  of  visual  observa¬ 
tions  made  during  the  field  inspection;  presents  an  evaluation 
of  hydrologic  and  hydraulic  conditions  at  the  site;  presents 
an  evaluation  as  to  the  structural  adequacy  of  the  various 
project  features;  and  assesses  the  general  condition  of  the 
dam  with  respect  to  safety. 

It  should  be  noted  that  reference  in  this  report  to 
left  or  right  abutments  is  as  viewed  looking  downstream. 
Where  left  abutment  or  left  side  of  the  dam  is  used  in  this 
report,  this  also  refers  to  south  abutment  or  side,  and  right 
to  the  north  abutment  or  side. 

d.  Evaluation  Criteria 

Criteria  used  to  evaluate  the  dam  were  furnished  by 
the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers, 
in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams", 
Appendix  D.  These  guidelines  were  developed  with  the  help  of 
several  Federal  agencies  and  many  state  agencies,  professional 
engineering  organizations,  and  private  engineers. 
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Description  of  the  Project 
a.  Description  of  Dam  and  Appurtenances 

The  dam  embankment  is  a  homogeneous  earthfill 
structure.  The  crest  of  the  embankment  has  a  width  of  20  feet 
and  a  length  of  approximately  1,500  feet.  The  crest  elevation 
is  set  at  806.0  feet  above  MSL,  and  the  maximum  height  of  the 
embankment  is  61  feet  above  the  minimum  streambed  elevation 
along  the  centerline  of  the  dam. 

The  upstream  slope  of  the  typical  embankment 
section  is  constructed  with  a  IV  to  3H  slope  from  the  crest  to 
the  toe.  Two  berms,  one  with  a  width  of  6.3  feet,  and  one 
with  a  width  of  20  feet,  were  constructed  at  elevations  793.0 
and  765.0,  respectively.  The  downstream  slope  was  constructed 
with  a  IV  to  3H  slope  to  elevation  771.0,  where  it  flattens 
out  to  a  IV  to  25H  slope  to  the  intersection  with  the  ground 
surface. 


An  18-inch  thick  layer  of  dumped  rock  riprap  was 
placed  on  the  upstream  slope  from  elevation  793.0  to  the  crest 
of  the  dam.  No  gravel  bedding  was  shown  to  have  been  placed 
under  the  riprap.  The  riprap  was  composed  of  hard,  angular 
blocks  of  limestone  up  to  4  feet  in  diameter.  Most  of  the 
blocks  were  2  to  3  feet  in  diameter.  The  downstream  slope  of 
the  embankment  and  the  crest  is  provided  with  heavy  vegetative 
cover. 


A  6-foot  wide  sand  filter  was  placed  at  the  base  of 
the  embankment  from  a  point  near  the  downstream  edge  of  the 
crest  to  the  downstream  toe.  The  horizontal  sand  filter  was 
to  extend  the  entire  length  of  the  embankment  section,  inclu¬ 
ding  the  abutments. 
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The  material  to  be  used  for  the  embankment  was 
specified  to  be  clay  in  the  bid  documents.  Laboratory  testing 
of  the  borrow  pit  material  found  the  material  to  be  silty 
clays  and  clayey  silts  with  less  than  10%  sand.  The  material 
would  be  classified  as  CL-ML  by  the  Unified  Soil  Classifica¬ 
tion  System.  The  sand  blanket  was  to  be  medium- fine  sand  for 
the  top  and  bottom  1-1/2  feet,  and  medium  coarse  for  the 
central  section  of  the  blanket.  The  downstream  berm  was  to  be 
constructed  of  waste  materials  from  excavation  of  the  spillway 
channel. 

Bedrock  at  the  site  and  within  the  vicinity  is 
composed  of  Pennsylvania  age.  Intercalated  sandstones,  shales 
and  limestones.  Meager  natural  outcrops  and  man-made  excava¬ 
tions  at  the  site  expose  the  above  rock  types  in  a  cyclic 
sequence.  The  soils  of  the  area  in  which  this  dam  is  located 
are  considered  to  be  mixed  glacial  outwash  modified  with 
loessial  deposits  further  modified  by  weathering. 

The  abutments  and  spillway  for  the  dam  are  founded 
in  the  intercalated  bedrock  sequence.  Bedrock  bedding  planes 
are  near  horizontal,  and  a  joint  plane  was  recorded  as  having 
an  attitude  of  N29°E,  79°NW. 

A  cut-off  trench  with  side  slopes  of  1H  to  IV,  and 
a  base  width  of  12  feet,  was  excavated  into  the  bedrock 
through  the  abutments  and  adjacent  to  the  course  of  Big  Creek. 
No  cut-off  trench  was  constructed  below  the  embankment  across 
the  valley. 

The  spillway  is  located  near  the  left  abutment. 
The  crest  of  the  spillway  is  an  uncontrolled  concrete  ogee 
overflow  weir,  with  crest  elevation  at  800.0  MSL,  and  a  crest 
length  of  150-feet.  A  horizontal  unlined  discharge  channel  is 


r 
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constructed  at  elevation  796.50,  about  270  feet  long,  which 
connects  the  downstream  toe  of  the  crest  section  and  the 

concrete  spillway  chute.  The  spillway  chute  slopes  at 

2H  to  IV  for  about  120  feet  into  a  conventional  type  stilling 
basin  at  elevation  743.0.  The  stilling  basin  width  and  length 
are  100  feet  and  60  feet,  respectively.  On  the  stilling  basin 
floor  there  are  two  rows  of  2'~0"  x  5'-0"  baffle  blocks  and  a 
2-foot  high  end  sill  at  the  end  of  the  basin  floor.  The 
stilling  basin  walls  are  17  feet  high.  A  cut-off  wall  and 

drain  under  the  spillway  was  designed  in  1969  by  Lar¬ 

kin  &  Associates  of  Kansas  City,  Missouri,  to  help  alleviate 
the  problem  of  water  seeping  under  the  spillway  structures.  A 
complete  set  of  plans  of  the  cut-off  wall  and  the  spillway 
reconstruction  has  been  made  available  from  Larkin  &  Associ¬ 
ates. 


The  approach  channel  to  the  spillway  crest  consists 
of  the  upstream  face  of  the  left  end  of  the  dam  embankment 
with  its  stone  protection,  flanked  on  the  left  side  by  the 
abutment  wall  of  the  natural  slope. 

A  16-inch  cast  iron  pipe  has  been  installed  in  a 
5'  x  5'  reinforced  concrete  conduit  through  the  base  of  the 
dam  embankment  to  serve  the  dual  purpose  of  raw  water  supply 
pipe  for  the  pumping  plant  and  a  reservoir  drain  outlet.  The 
concrete  conduit  served  for  diversion  during  the  dam  construc¬ 
tion. 


Hie  upstream  inlet  of  the  16-inch  pipe  is  at  the 
base  of  the  intake  tower.  The  intake  tower  is  fitted  with 
seven  12-inch  gate  valves,  each  at  different  levels,  so  that 
water  may  be  supplied  from  the  level  of  best  quality.  Each 
gate  valve  may  be  operated  from  the  top  deck  of  the  tower  by  a 
pedestal  mounted  handwheel  connected  to  a  valve  stem  exten- 
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sion.  Each  valve  inlet  and  the  inlet  to  the  16-inch  pipe  are 
protected  with  trash  bars.  The  intake  tower  sits  at  the 
upstream  toe  of  the  dam,  and  its  top  deck  is  accessible  only 
by  boat. 


At  the  downstream  toe  of  the  dam  the  16-inch  outlet 
pipe  divides  to  two  16-inch  branches  for  supply  of  raw  water 
to  the  pumping  plant;  one  branch  to  serve  as  a  drain.  A 
16-inch  gate  valve  is  installed  at  the  juncture  of  each  branch 
with  the  upstream  pipe.  The  valves  are  housed  in  a  vault  with 
its  entrance  opening  at  ground  level.  The  branch  leading  to 
the  pumping  plant  is  buried,  while  the  drain  branch  discharges 
directly  into  a  30-inch  diameter  concrete  pressure  pipe 
leading  to  the  watercourse  below  the  dam. 

The  reservoir  at  Forest  lake  Dam  impounds 
21,000  acre-feet  of  water  from  a  tributary  area  of 
16.41  square  miles  in  the  Chariton  River  basin. 

b.  Location 

The  Forest  Lake  Dam  is  located  on  Big  Creek  which 
is  a  tributary  of  the  Chariton  River,  Adair  County,  Missouri. 
The  nearest  downstream  community  is  Youngstown,  Missouri, 
population  25,  which  is  approximately  one  mile  downstream  from 
the  dam.  Forest  Lake  is  a  part  of,  and  surrounded  by  the 
Thousand  Hills  State  Park.  The  reservoir  and  dam  can  be 
reached  by  travelling  west  out  of  Kirksville,  Missouri,  on 
State  Road  6  for  about  2.2  miles,  and  then  south  of  State 
Road  157  for  2.5  miles  to  the  sign  for  Thousand  Hills  State 
Park.  To  reach  the  dam,  turn  right  on  the  gravel  road  just 
before  the  main  sign,  and  keep  to  the  left  for  about  2  miles. 
Then  turn  left  on  the  dirt  road  next  to  the  6-foot  cyclone 
fence  and  gate,  for  roughly  1  mile.  The  dam  and  reservoir  is 


shown  on  the  Klrksville  Quadrangle  Sheet  (15  minute  series)  in 
Section  14,  Township  62  North,  Range  15  West. 

c.  Size  Classification 

According  to  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams",  by  the  U.S.  Department  of  the  Army, 
Office  of  the  Chief  Engineer,  the  dam  is  classified  in  the  dam 
size  category  as  being  "Intermediate"  since  its  storage  is 
more  than  1,000  acre-feet,  but  less  than  50,000  acre-feet. 
The  dam  is  also  classified  as  "Intermediate"  in  dam  size 
category  because  its  height  is  more  than  40  feet,  but  less 
than  100  feet.  The  overall  size  classif ication  is,  accor¬ 
dingly,  "Intermediate"  in  size. 

d.  Hazard  Classification 

The  dam  has  been  classified  as  having  "High"  hazard 
potential  in  the  National  Inventory  of  Dams,  on  the  basis  that 
in  the  event  of  failure  of  the  dam  or  its  appurtenances, 
excessive  damage  could  occur  to  downstream  property,  together 
with  the  possibility  of  the  loss  of  life.  Our  findings  concur 
with  the  classification.  The  estimated  damage  zone  extends 
10  miles  downstream  of  the  dam.  Within  the  damage  zone  are 
four  farmhouses  with  associated  farm  buildings,  and  two 
improved  roads.  The  floodplain  is  farmed. 

e.  Ownership 

Forest  Lake  Dam  is  owned  by  the  City  of  Klrksville, 
201  South  Franklin  Street,  Klrksville,  Missouri  63501. 
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f.  Purpose  of  Dam 


The  main  purpose  of  the  dam  is  to  impound  water  for 
use  in  a  water  supply  system  operated  by  the  City  of  Kirks- 
ville,  Missouri.  The  impounded  water  is  released  by  means  of 
the  bottom  outlet.  The  lake  is  also  for  recreational  use. 

g.  Design  and  Construction  History 

The  original  design  for  the  Forest  Lake  Dam  was 
done  by  J.  W.  Shikles  &  Company,  of  Kansas  City,  Missouri, 
in  1949  and  1950.  Original  construction  was  done  by 
R.  G.  Albridge  of  Kansas  City,  Missouri.  A  cut-off  wall  and 
drain  was  designed  in  1969,  and  the  spillway  reconstruction 
was  designed  in  1971,  both  by  Larkin  &  Associates  of  Kan¬ 
sas  City,  Missouri. 

The  spillway  reconstruction  was  done  by  L.  G.  Bar- 
cus  of  Kansas  City,  Missouri,  and  the  cut-off  wall  and  drain 
was  built  by  Mhalovich  Constructions,  also  of  Kansas  City, 
Missouri. 

h.  Normal  Operational  Procedures 

The  dam  is  used  to  impound  water  for  use  as  water 
supply  and  for  recreation.  The  reservoir  level  is  controlled 
by  rainfall,  runoff,  evaporation,  and  the  water  supply  re¬ 
quirements  of  the  City  of  Kirksville,  Missouri.  The  reservoir 
is  likely  close  to  full  at  all  times. 
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1.3 


Pertinent  Data 


a.  Drainage  Area 


10,500  acres 


b.  Discharge  at  Damsite  All  discharge  at  the  dam- 

site  is  through  an  uncon¬ 
trolled  spillway  and  out¬ 
let  pipe 

Estimated  experienced  maximum  flood:  A, 500  cfs 

Estimated  ungated  spillway  capacity 

at  maximum  pool  elevation:  8,840  cfs 

c.  Elevation  (Feet  above  MSL) 

Top  of  dam: 

Spillway  crest: 

Minimum  streambed  elevation  at  centerline  of  dam: 

Maximum  tallvater: 

d.  Reservoir 

Length  of  maximum  pool:  14,000  feet  + 


806.0 

800.0 

745.0 

Unknown 


e.  Storage  (Acre-Feet) 

Top  of  dam:  15,961 

Spillway  crest:  12,431 


f.  Reservoir  Surface 
Top  of  dam: 

Spillway  crest: 

g.  Dam 

Type: 

Length: 

Height  (maximum): 

Top  width: 


(Acres) 

646 

562 


Earth  embankment 
1,500  feet 
61  feet 
20  feet 


-9- 


Side  slopes: 

DownsCream 
Upstream 
Zoning : 

Impervious  core: 
Cutoff : 

Grout  curtain: 


IV  to  3H 
IV  to  3H 
None 
None 

Core  trench  with  12-foot  bottom 
width  and  IV  to  1H  side  slopes 

None 


h.  Diversion  and  Regulating  Tunnel 
5-foot  by  5-foot  reinforced  concrete  conduit 
290  feet 

Blocked  during  construction,  16-inch  C.I.  pipe 
inside  of  conduit  for  water  supply 

i .  Spillway 

Type :  Ogee 

Length  of  weir:  150  feet 

Crest  Elevation  (MSL):  800.0  feet 


Type: 

Length: 

Closure: 


j.  Regulating  Outlets 

Type:  16-inch  diameter  cast  iron  pipe 

Length:  285  feet 

Closure:  16-inch  diameter  cast  iron  gate  valve 

Maximum  Capacity:  36  cfs 
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SECTION  2:  ENGINEERING  DATA 


2. I  Design 

Original  design  drawings  are  available  for  the  dam  and 
appurtenant  structures.  These  drawings  were  made  in  1949  and  1950, 
and  are  given  as  plates  in  this  report.  Also  available  are 
as-built  drawings  of  the  spillway  reconstruction  performed  in  1971. 

Available  design  data  also  includes  miscellaneous  design 
calculations,  a  memorandum  entitled  "Comments  on  the  Design  of 
Klrksville  Dam  on  Big  Muddy  Creek",  written  by  the  design  engineer, 
and  bore  hole  logs  and  testing  results  of  sampling  performed  in  the 
borrow  areas  and  foundation  during  design.  The  above  described 
data  is  available  from  city  offices  in  the  City  of  Klrksville, 
Missouri  and/or  from  Larkin  and  Associates  in  Kansas  City,  Mis¬ 
souri. 


2.2  Construction 


The  dam  was  constructed  in  1950  by  R.  G.  Albridge,  of 
Kansas  City,  Missouri.  Specifications  for  construction  are  avail¬ 
able,  however,  no  records  of  the  construction  period  were  found. 


2.3  Operation 

No  operation  records  for  Forest  Lake  Dam  are  available. 
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2.4 


Evaluation 


a.  Availability 

The  availability  of  data  is  considered  good  for 
this  project.  Complete  design  drawings  and  specifications  are 
available,  along  with  some  design  calculations  and  soil 
testing  results. 

b.  Adequacy 

The  engineering  data  available  is  adequate  to  aid 
in  evaluating  the  adequacy  of  the  hydraulic  and  hydrologic 
capabilities  and  stability  of  the  dam  for  Phase  I  investiga¬ 
tions. 


Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspec¬ 
tion  of  Dams",  Appendix  D.  These  seepage  and  stability 
analyses  should  be  performed  for  appropriate  loading  condi¬ 
tions  (including  earthquake  loads)  and  made  a  matter  of 
record. 


c.  Validity 

The  dam  and  appurtenant  structures  appeared  to  be 
constructed  in  accordance  with  the  design  and  reconstruction 
drawings,  and  all  other  engineering  data  appears  to  be  valid. 
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SECTION  3:  VISUAL  INSPECTION 


3.1  Findings 

a.  General 


A  visual  Inspection  of  Forest  Lake  Dam  was  made  on 
September  29,  and  October  6,  1978.  The  following  persons  were 
present  during  the  inspection: 


_ Name 

Yin  Au-Yeung 


_ Affiliation _ 

Engineering  Consultants,  Inc. 


David  Bramwell  Engineering  Consultants,  Inc. 
Jon  Diebel  Engineering  Consultants,  Inc. 
John  Ismert  Engineering  Consultants,  Inc. 


Discipline 

Project  Engineer, 
Hydraulics  and 
Hydrology 

Geology 

Soils 

Mechanical 


Kevin  Blume 


Consoer,  Townsend  &  Assoc.,  Ltd.  Civil  &  Structural 


Specific  observations  are  discussed  below. 

b.  Dam 


The  crest  of  the  dam  has  a  heavy  vegetative  cover 
which  adequately  protects  the  embankment  material.  The  grass 
appeared  to  have  been  recently  cut.  Some  evidence  of  vehicu¬ 
lar  traffic  can  be  seen  on  the  crest,  but  does  not  appear  to 
be  extensive.  Some  small  desiccation  cracks  were  seen  in  the 
clay  embankment  material  on  the  crest. 
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The  upstream  embankment  slope  is  adequately  pro¬ 
tected  by  the  large  rock  riprap.  No  degradation  due  to 
weathering  of  the  blocks  was  seen.  Many  small  trees  were 
observed  on  the  upstream  slope.  The  majority  of  these  trees 
were  growing  approximately  4  to  5  feet  above  the  water  sur¬ 
face,  where  the  riprap  was  somewhat  thinner. 

The  downstream  embankment  slope  is  heavily  covered 
with  brush  and  trees,  making  inspection  difficult.  Stumps  of 
large  trees  which  had  been  previously  cut  were  numerous  on  the 
slope,  with  some  of  stumps  up  to  2  feet  in  diameter.  Many 
smaller  trees  up  to  6  inches  in  diameter  are  currently  growing 
on  the  slope.  Some  rodent  activity  was  observed  on  the 
downstream  slope. 

Seepage  was  noted  in  several  areas  on  the  down¬ 
stream  slope.  One  are°i  was  observed  along  the  abutment 
contact  at  the  right  side  of  the  dam  approximately  one-half 
way  up  the  slope.  This  location  is  at  the  fill/bedrock 
contact,  as  limestone  could  be  seen  on  the  natural  slope 
adjacent  to  the  seepage.  The  seep  was  at  a  low  rate  without 
measurable  flow.  Other  seepage  areas  were  noted  50 
to  100  feet  upstream  of  the  pump  house,  again  along  the 
fill/abutment  contact.  Hits  area  was  approximately  20  feet  in 
diameter,  and  was  boggy  with  phreatophytes  growing.  No 
measurable  flow  could  be  seen.  Just  upstream  and  to  the  left 
(looking  downstream)  of  this  area  an  area  55  feet  by  35  feet 
was  observed,  with  similar  characteristics  to  the  above 
described  area.  An  area  20-feet  by  20-feet,  exhibiting 
phreatophytes  and  ponding  water,  was  observed  approximately 
500  feet  north  of  the  left  abutment,  and  50  feet  west  of  the 
downstream  toe  of  the  dam. 


-14- 


Some  surface  erosion  was  occurring  along  each 
abutment  contact.  This  condition  had  not  progressed  to  a 
significant  stage  at  the  time  of  inspection. 

No  signs  of  past  or  present  instability  were  seen 
on  the  embankment  or  in  the  foundation  at  any  location. 

c.  Appurtenant  Structures 

(1)  Spillway 

The  top  of  the  ogee  spillway  crest  is  seri¬ 
ously  eroded.  The  crest  is  fairly  level,  and  no  varia¬ 
tions  were  detected.  Minor  horizontal  and  vertical 
cracking  was  visible  on  the  downstream  face.  There  is 
some  local  spalling  of  concrete  on  the  spillway  chute 
slab,  and  minor  vertical  cracks  on  the  stilling  basin 
walls.  The  horizontal  spillway  channel  between  the  crest 
structure  and  the  spillway  chute  is  covered  with  heavy 
vegetative  growth  for  the  entire  length.  There  is  a 
3'  x  3'  hole  on  the  right  wall  of  the  spillway  channel 
approximately  30  feet  upstream  of  the  spillway  chute. 

(2)  Outlet  Works 

The  decks  of  the  intake  tower  with  the  valve 
operators  was  reached  by  boat.  The  concrete  and  opera¬ 
tors  were  found  to  be  weathered,  but  in  satisfactory 
condition. 


The  conduit  under  the  dam  was  entered  through 
the  valve  vault  and  Inspected  throughout  its  length.  The 
conduit,  as  well  as  the  16-inch  pipe,  were  dry  and  in 
good  condition. 
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Attempted  operation  of  the  two  gate  valves  in 
the  valve  vault  was  unsuccessful.  Both  valves  were 
stuck.  The  valve  in  the  line  to  the  pump  station  was 
open,  and  the  drain  valve  was  closed.  The  maintenance 
man  advised  that  they  had  not  been  operated  in  4  or 
5  years. 

The  outlet  of  the  30-inch  concrete  drain  pipe 
from  the  valve  vault  was  inspected.  The  pipe  terminates 
in  a  concrete  headwall  structure  which  is  in  satisfactory 
condition,  but  partially  covered  with  vegetation.  An 
8-inch  pipe  drain  from  the  pumping  plant  also  terminates 
in  the  headwall.  The  lower  one-third  of  the  30-inch 
drain  pipe  was  submerged  under  the  water  standing  in  the 
outlet  ditch. 

d.  Reservoir  Area 

The  water  surface  elevation  was  799.5  feet 

above  MSL  at  the  time  of  inspection. 

No  wave  wash,  excessive  erosion,  or  slides  were 
observed  along  the  reservoir  rim.  The  reservoir  rim  is 
generally  gentle  to  moderately  sloping,  with  trees  and  woods 
at  the  left  shore  and  relatively  more  grass  and  brush  at  the 
right  shore. 

e.  Downstream  Channel 

The  channel  is  trapezoidal  in  shape  and  well- 
defined  with  a  rock  atreambed,  a  bottom  width  of  approximately 
15  feet,  and  side  slopes  of  IV  to  3H.  There  is  no  sign  of 
erosion  or  undercutting  of  banks  downstream  of  the  stilling 
basin. 
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3.2 


Evaluation 


Hie  visual  inspection  did  not  exhibit  any  items  which 
are  sufficiently  significant  to  indicate  a  need  for  immediate 
remedial  action. 

-  The  following  problems  were  observed  which  could  affect 
the  safety  of  the  dam,  or  which  will  require  maintenance  within  a 
reasonable  period  of  time. 

1.  Heavy  brush  and  trees  on  the  upstream  and  downstream 
embankment  slope. 

2.  Rodent  activity  on  the  downstream  embankment  slope. 

3.  The  seepage  occurring  at  the  right  abutment  contact  and 
downstream  of  the  toe  of  the  embankment  500  feet  north  of 
the  left  abutment. 

4.  Concrete  erosion  on  the  ogee  spillway  crest. 

5.  A  3-foot  by  3-foot  hole  on  the  right  wall  of  the  spillway 
channel  30  feet  upstream  of  the  spillway  chute. 

6.  Vegetation  in  the  spillway  channel  between  the  ogee  and 
the  spillway  chute. 

7.  Inability  to  operate  the  two  16-inch  gate  valves  in  the 
valve  vault . 
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SECTION  4:  OPERATIONAL  PROCEDURES 


4.1  Procedures 

The  dam  is  used  to  impound  water  from  Big  Creek  for 
water  supply  and  recreation.  The  only  operating  facility  at  the 
dam  is  the  water  supply  intake  and  appurtenant  piping.  The  intake 
is  supplied  with  7  gate  valves  at  various  levels  to  provide  water 
with  the  best  quality.  Each  gate  valve  is  operated  from  the  top 
deck  of  the  tower  by  a  pedestal  mounted  handwheel  connected  to  a 
stem  extension. 

Both  valves  for  controlling  the  flow  into  the  two  branch 
lines  of  the  outlet  pipe  are  manually  operated,  the  valve  to  the 
pumping  plant  normally  being  kept  open,  and  the  valve  to  the  drain 
normally  being  kept  closed.  The  drain  valve  would  be  opened  to 
draw  down  the  reservoir  for  dam  or  spillway  maintenance,  or  in 
event  of  an  emergency  situation. 

Operation  and  maintenance  records  are  not  available. 

4.2  Maintenance  of  Dam 

The  dam  is  maintained  by  the  City  of  Kirksville,  Mis¬ 
souri.  The  large  amount  of  brush  on  the  downstream  embankment 
slope,  and  trees  on  the  upstream  and  downstream  embankment  slope 
demonstrates  a  need  for  more  regular  maintenance.  Other  mainte¬ 
nance  problems  observed  with  the  dam  or  appurtenant  structures 
include  rodent  activity  on  the  embankment  slopes,  concrete  erosion 
on  the  spillway  crest,  and  minor  problems  with  the  spillway  dis¬ 
charge  channel. 
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4.3  Maintenance  of  Operating  Facilities 

The  two  16-inch  gate  valves  in  the  water  supply  piping 
are  apparently  inoperable,  with  one  being  stuck  open,  and  the  other 
closed.  These  should  be  repaired  in  the  near  future  for  use  in 
case  problems  develop  with  the  dam  or  appurtenant  structures. 

4.4  Description  of  Any  Warning  System  in  Effect 

The  inspection  team  is  not  aware  of  any  existing  warning 
system  in  effect. 

4.5  Evaluation 

The  observations  described  above  indicate  a  need  for 
further  maintenance  at  the  damsite.  The  operation  procedures 
appear  to  be  satisfactory. 
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SECTION  5:  HYDRAULIC/ HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design 

Forest  Lake  Dam  has  a  watershed  of  approximately 
10,500  acres,  mostly  covered  with  dense  wooded  forest.  Land 
gradients  are  fairly  steep,  ranging  from  7  to  10  percent. 
Forest  Lake  (formerly  Big  Creek  Reservoir)  is  located  on 
Big  Creek,  which  is  a  tributary  of  the  Chariton  River. 

Elevations  within  the  watershed  range  from  approxi¬ 
mately  800  feet  above  MSL  at  the  damsite  to  over  980  feet 
above  MSL  in  the  upper  portion  of  the  watershed. 

A  drainage  map  showing  the  watershed  area  is 
Included  in  Appendix  B. 

Evaluation  of  the  hydraulic  and  hydrologic  features 
of  Forest  Lake  Dam  was  based  on  criteria  set  forth  in  the 
Corps  of  Engineers'  Recommended  Guidelines  for  Safety  Inspec¬ 
tion  of  Dams ,  and  additional  guidance  provided  by  the 
St.  Louis  District  of  the  Corps  of  Engineers.  The  Probable 
Maximum  Flood  (PMF)  was  calculated  from  the  Probable  Maximum 
Precipitation  (PMP)  using  the  methods  outlined  in  the 
U.S.  Weather  Bureau  Publication,  Hydrometeorological  Report 
No.  33.  The  probable  maximum  storm  duration  was  set  at 
48  hours,  and  storm  rainfall  distribution  was  based  on  cri¬ 
teria  given  In  EM  1110-2-1411  (Standard  Project  Storm).  The 
SCS  triangular  hydrograph,  transformed  to  a  curvilinear 
hydrograph,  was  adopted  for  developing  the  unit  hydrograph.  A 
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time  interval  of  10  minutes  was  used  in  the  unit  hydrograph 
The  derived  unit  hydrograph  is  presented  in  Appendix  B. 


Initial  and  infiltration  loss  rates  were  applied  to 
the  PMP  to  obtain  rainfall  excesses.  The  rainfall  excesses 
were  then  applied  to  the  unit  hydrograph  to  obtain  the 
PMF  hydrograph,  utilizing  the  Corps  of  Engineers'  computer 
program  HEC-1,  (Dam  Safety  Version),  which  was  prepared 
specifically  for  dam  safety  analysis.  The  computed  peak 
discharge  of  the  PMF  and  one-half  of  the  PMF  are  97,422  cfs 
and  48,711  cfs,  respectively. 

Both  the  PMF  and  one-half  of  the  PMF  inflow  hydro¬ 
graphs  were  routed  through  the  reservoir  by  the  Modified  Puls 
Method,  also  utilizing  the  HEC-1  (Dam  Safety  Version)  computer 
program.  The  peak  outflow  discharges  for  the  PMF  and  one-half 
of  the  PMF  are  75,603  cfs  and  31,555  cfs,  respectively.  Both 
the  PMF  and  one-half  of  the  PMF,  when  routed  through  the 
reservoir,  resulted  in  overtopping  of  the  dam.  The  hydraulic 
capacity  of  the  spillway  is  8,840  cfs  before  overtopping  of 
the  dam. 


The  stage-outflow  relation  for  the  spillway  was 
prepared  from  field  notes,  sketches  and  limited  construction 
drawings.  The  reservoir  stage-capacity  data  were  based  on  the 
U.S.G.S.  Kirksville  Quadrangle  topographic  maps  (15  minute 
series)  in  combination  with  data  given  in  the  National  Dam 
Safety  Inventory  Table.  Reservoir  storage  capacity  included 
surcharge  levels  exceeding  the  top  of  the  dam,  and  the  spill¬ 
way  overtop  rating  curve  assumed  that  the  dam  remains  intact 
during  routing.  In  the  routing  computations,  the  discharge 
through  the  outlet  facilities  was  excluded  due  to  its  insigni¬ 
ficant  magnitude  as  compared  to  the  spillway  discharge  and 
the  PMF.  The  spillway  overtop  rating  curve  and  the  reservoir 
capacity  curve  are  also  presented  in  Appendix  B. 
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From  the  standpoint  of  dam  safety,  the  hydrologic 
design  of  a  dam  alms  at  avoiding  overtopping.  Overtopping  Is 
especially  dangerous  for  an  earth  dam  because  the  dovmrush  of 
waters  over  the  crest  will  erode  the  dam  face  and.  If  conti¬ 
nued  long  enough,  will  breach  the  dam  embankment  and  release 
all  the  stored  water  suddenly  into  the  downstream  floodplain. 
The  safe  hydrologic  design  of  a  dam  calls  for  a  spillway 
discharge  capability,  in  combination  with  an  embankment  crest 
height  that  can  handle  a  very  large  and  exceedingly  rare  flood 
without  overtopping. 

b.  Experience  Data 

No  records  of  reservoir  stage  or  spillway  discharge 
are  maintained  for  this  site.  However,  according  to  inter¬ 
views  with  local  residents,  the  maximum  reservoir  level  was 
never  higher  than  the  crest  of  the  embankment. 

c.  Visual  Observations 

The  spillway  approach  channel  is  in  good  condition. 
However,  the  spillway  crest  structure,  spillway  discharge 
channel,  stilling  basin  and  exit  channel  are  well-defined,  but 
inadequately  maintained.  Concrete  in  the  ogee  section  is  in  a 
deteriorated  condition,  exhibiting  severely  eroded  concrete  at 
the  crest.  The  spillway  discharge  channel  floor  and  banks 
contain  vegetation  and  tree  growth.  Some  spalling  of  the 
concrete  was  observed  on  the  spillway  chute  slabs.  Minor 
vertical  cracks  also  appear  on  the  stilling  basin  walls.  Some 
debris  and  sediment  have  accumulated  in  the  stilling  basin. 
The  downstream  channel  is  also  well-defined,  but  with  some 
tree  growth  and  vegetative  cover. 
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d.  Overtopping  Potential 


As  indicated  in  Section  5.1-a.,  both  the  Probable 
Maximum  Flood  and  one-half  of  the  Probable  Maximum  Flood,  when 
routed  through  the  reservoir,  resulted  in  overtopping  of  the 
dam.  The  Probable  Maximum  Flood  (PMF)  is  defined  as  the  flood 
discharge  that  may  be  expected  from  the  most  severe  combina¬ 
tion  of  critical  meteorological  and  hydrological  conditions 
that  are  reasonably  possible  in  the  region.  The  PMF  and 

one-half  of  the  PMF  overtopped  the  dam  crest  by  5.39  feet  and 

2.48  feet,  respectively.  The  total  duration  of  embankment 

overflow  is  7.00  hours  during  the  PMF,  and  4.33  hours  during 
one-half  of  the  PMF.  The  spillway  for  Forest  Lake  Dam  is 
capable  of  passing  a  flood  equal  to  approximately  25  percent 
of  the  PMF  just  before  overtopping  the  dam. 

The  computed  one  percent  chance  flood  using 

100-year,  24  hour  rainfall  data  was  routed  through  the  reser¬ 
voir,  and  is  given  in  the  last  section  in  Appendix  B.  The 
routing  results  indicate  the  spillway  will  pass  the  100-year 
flood  with  a  freeboard  of  1.03  feet. 

The  effect  from  rupture  of  the  dam  could  extend 
approximately  10  miles  downstream  of  the  dam.  There  are  four 
farmhouses  with  associated  farm  buildings,  and  two  improved 
roads  within  this  ten  miles  of  floodplain  area.  The  flood- 
plain  is  farmed. 

Without  extensive  field  surveys  and  downstream 
hyraulic  routings,  the  impact  on  the  town  of  Youngstown  that 
failure  of  Forest  Lake  Dam  would  have  cannot  be  ascertained. 
Youngstown,  Missouri  is  located  on  the  west  bank  of  the 
Chariton  River,  while  Forest  lake  Dam  is  located  on  a  tribu¬ 
tary  approximately  1.5  miles  east  of  the  Chariton  River. 


SECTION  6:  STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 

There  were  no  signs  of  settlement  or  distress 
observed  on  the  embankment  or  foundation  during  the  visual 
inspection.  The  upstream  slope,  crest,  and  downstream  slope 
are  well  protected  by  either  riprap  or  vegetation. 

The  seepage  observed  at  its  current  condition  is 
not  felt  to  be  sufficiently  serious  to  indicate  an  unsafe 
condition.  However,  the  seepage  should  be  monitored  and  any 
changes  in  quantity,  location  or  color  should  be  reported  and 
investigated. 

The  upstream  slope,  crest,  and  downstream  slope  are 
well  protected  by  either  riprap  or  vegetation.  However,  the 
trees  and  large  brush  growing  on  the  slopes  could  eventually 
pose  a  hazard  to  the  embankment.  Surface  erosion  is  not  yet  a 
problem  for  the  embankment  section. 

Concrete  in  the  ogee  crest  section  shows  signs  of 
deterioration  due  to  severe  erosion.  This  condition  should  be 
corrected  as  soon  as  possible  before  the  condition  progresses 
further.  The  spillway  channel  banks  are  in  good  condition, 
except  for  a  damaged  portion  at  the  grouted  blocks  on  the 
right  bank  near  the  spillway  chute.  This  damaged  portion  of 
the  channel  bank  should  be  repaired.  Spalling  of  concrete  in 
the  spillway  chute  slab  and  minor  vertical  cracking  in  the 
stilling  basin  walls  do  not  pose  any  danger  to  the  structural 
integrity  of  the  spillway  or  the  embankment. 
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The  gate  valves  on  the  water  supply  piping  should 
be  made  operable  in  case  emergency  operation  of  the  valves  is 
required. 

b.  Design  and  Construction  Data 

Design  calculations  found  included  computations  for 
the  stability  of  the  dam  foundation.  Also  found  were  grada¬ 
tions  and  Atterberg  limits  for  the  foundation  soils  and  borrow 
pit  material.  No  design  data  relating  to  seepage  and  stabi¬ 
lity  analysis  are  known  to  exist. 

c.  Operating  Records 

No  operating  records  are  available  relating  to  the 
stability  of  the  dam.  Water  level  on  the  day  of  inspection 
was  6  inches  below  the  spillway  crest,  and  it  is  assumed  that 
the  reservoir  remains  close  to  full  at  all  times.  TTie  only 
operating  facility  at  the  dam  is  the  Intake  for  the  water 
supply,  pump  house,  and  appurtenant  piping. 

d.  Post  Construction  Changes 

A  cut-off  wall  and  drain  under  the  spillway  was 
designed  in  1969  by  Larkin  &  Associates  of  Kansas  City, 
Missouri,  to  alleviate  the  problem  of  water  seeping  under  the 
spillway  structure. 

Spillway  reconstruction,  which  indicated  under¬ 
drains,  a  cut-off  wall  extension,  and  reconstruction  of  parts 
of  the  stilling  basin  and  retaining  walls,  was  designed  and 
performed  in  1971. 
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The  reconstruction  work  was  performed  by  L.  G.  Bar- 
cus  of  Kansas  City,  Missouri,  and  the  cut-off  wall  and  drain 
was  built  by  Mhalovie  Constructions,  also  of  Kansas  City, 
Missouri. 


e.  Seismic  Stability 

In  general,  projects  located  in  Seismic  Zones  0, 
1  and  2  may  be  assumed  to  present  no  hazard  from  earthquake, 
provided  the  static  stability  conditions  are  satisfactory  and 
conventional  safety  margins  exist.  Forest  Lake  Dam  is  located 
in  Seismic  Zone  1.  A  detailed  seismic  analysis  is  not  felt  to 
be  necessary  for  this  embankment. 


SECTION  7:  ASSESSMENT/REMEDIAL  MEASURES 


7.1  Dam  Assessment 


The  assessment  of  the  general  condition  of  the  dam  is 
based  upon  available  data  and  visual  inspections.  Detailed  inves¬ 
tigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  investigation;  however,  the  investi¬ 
gation  is  intended  to  identify  any  need  for  such  studies. 

It  should  be  realized  that  the  reported  condition  of  the 
dam  is  based  on  observations  of  field  conditions  at  the  time  of 
inspection  along  with  data  available  to  the  inspection  team. 

It  is  also  important  to  note  that  the  condition  of  a  dam 
depends  on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be  incorrect 
to  assume  that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  and  inspection  can  there  be  any  chance 
that  an  unsafe  condition  could  be  detected. 

a.  Safety 

The  dam  appears  to  be  in  generally  good  condition, 
with  a  spillway  that  will  pass  only  24  percent  of  the  PMF 
without  overtopping  of  the  dam. 

The  heavy  brush  and  trees  on  the  embankment  slope 
pose  a  potential  hazard  to  the  dam.  The  extensive  tree  growth 
is  considered  unsatisfactory  in  terras  of  dam  safety  for 
several  reasons:  First,  trees  toppled  by  wind  expose  holes 
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that  invite  rapid  erosion,  and  second,  decay  of  large  existing 
root  systems  could  form  channels  for  eventual  piping.  Rodent 
activity  also  should  be  eliminated  on  the  embankment. 

The  seepage  observed  at  the  abutment  contact  and 
downstream  of  the  toe  of  the  dam  is  not  felt  to  indicate  an 
unsafe  condition  at  its  current  extent.  This  seepage  should 
be  monitored  for  changes  indicating  a  potential  hazard. 

Other  observations  made  during  the  visual  inspec¬ 
tion,  although  not  jeopardizing  the  safety  of  the  dam,  should 
be  repaired  within  a  reasonable  period  of  time. 

b.  Adequacy  of  Information 

Information  concerning  operation  and  maintenance  of 
the  dam  and  appurtenant  structures  is  somewhat  lacking.  It  is 
recommended  that  the  following  programs  be  initiated  to  help 
alleviate  this  problem: 

1.  Annual  inspection  of  the  dam  by  a  professional 
engineer  experienced  in  the  design  and  construction 
of  earthen  dams  should  be  made  and  this  inspection 
report  made  a  matter  of  record. 

2.  Set  up  a  maintenance  schedule  and  log  all  visits  to 
the  dam  for  operation,  repairs  and  maintenance. 

3.  Perform  seepage  and  stability  analyses  comparable  to 
the  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams". 


-28- 


The  engineering  data,  together  with  performance 
history  and  visual  inspection  findings  is  felt  to  be  adequate 
information  to  support  the  conclusions  presented  in  this 
report . 


c.  Urgency 

The  remedial  measures  recommended  in  Paragraph  7.2 
should  be  accomplished  within  a  reasonable  period  of  time. 

Increasing  the  spillway  capacity  is  certainly  of  a 
more  urgent  nature  than  the  other  recommended  actions. 

d.  Necessity  for  Phase  II  Inspection 

Based  on  results  of  the  Phase  I  inspection,  a 
Phase  II  inspection  is  not  felt  to  be  necessary. 


7.2  Remedial  Measures 

a.  Alternatives 

Possible  alternatives  for  increasing  the  spillway 
capacity  of  the  dam  include: 

1.  Lowering  the  ogee  crest  of  the  spillway. 

2.  Raising  the  height  of  the  dam  crest. 

3.  Widening  the  spillway  crest  length. 
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A  combination  of  the  above  items 


0  &  M  Maintenance  Procedures 

The  owner  should  initiate  the  following  programs: 

Annual  inspection  of  the  dam  by  a  professional 
engineer  experienced  in  the  design  and  construction 
of  earthen  dams. 

Set  up  a  maintenance  schedule  and  log  all  visits  to 
the  dam  for  operation,  repairs  and  maintenance. 

Clear  the  upstream  and  downstream  embankment  slope 
of  all  trees  and  large  brush.  Future  growth  should 
be  prevented  following  original  clearing. 

Monitor  seepage  at  the  right  abutment  contact  and 
downstream  of  the  toe  of  the  dam  for  changes  in 
quantity,  location  or  color  of  the  seepage.  Any 
changes  should  be  reported. 

Patch  concrete  on  the  ogee  spillway  crest. 

Repair  the  hole  on  the  right  side  of  the  spillway 
channel. 

Clean  off  all  vegetation  and  tree  growth  in  the 
spillway  channel  between  the  ogee  crest  and  the 
spillway  chute. 
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8.  Repair  the  gate  valves  for  the  water  supply  pipe 
located  in  the  valve  vault . 

9.  Seepage  and  stability  analyses  should  be  performed 
by  a  professional  engineer  experienced  in  the  design 
and  construction  of  dams. 
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Explanation 


Pennsylvanian  System 


*kc  -  Kansas  City  group:  cyclic  deposits  with  numerous  limestones. 

p 

pwm  -  Pleasanton  group:  sandstone  channel  member. 

p 

m  -  Marmaton  group:  cyclic  deposits  with  limestones. 

cc  -  Cherokee  group:  cyclic  deposits,  predominately  shale,  sandstone  and  coal 
beds. 

Mlssissippian  System 

Mm  -  sandy,  oolitic,  fossiliferous ,  lithographic,  or  cherty  limestones. 

M 

o  -  cherty,  crinoidal  limestone,  with  some  shale. 

M 

k  -  intercalated  limestones  and  shales. 


Reference:  Geologic  Map  of  Missouri,  1961,  Division  of  Geological  Survey  and 
Water  Resources,  State  of  Missouri. 
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FOREST  LAKE  DAM 


Pho  to  1 

Photo  2  - 

Photo  3 

Photo  4  - 

Photo  5  - 

Photo  6  - 

Photo  7 

Photo  8  - 

Photo  9  - 

Photo  10  - 

Photo  11  - 

Photo  12  - 

Pho  to  13  - 

Photo  14  - 
Photo  15  - 

Photo  16  - 


View  across  spillway  and  of  downstream  slope  of  dam  taken 
at  left  abutment. 

View  along  downstream  slope  of  dam  taken  at  left  of  dam 
near  spillway. 

Picture  of  downstream  slope  of  dam  taken  downstream  of 
dam  at  left  side. 

View  along  crest  of  dam  taken  at  left  side  of  dam. 

Picture  of  typical  condition  of  upstream  slope  showing 
riprap  and  vegetation. 

Picture  of  intake  structure  for  outlet  works. 

Picture  of  pump  house  taken  from  dam  crest  near  right 
abutment . 

View  of  spillway  channel  taken  from  upstream. 

View  of  spillway  channel  taken  from  downstream. 

Picture  of  concrete  ogee  crest  section  of  spilway.  Note 
erosion  of  concrete. 

Picture  of  vegetation  in  spillway  channel  downstream  of 
ogee  section. 

Hole  in  grouted  block  wall  on  right  side  of  spillway 
channel  downstream  of  ogee  section. 

Picture  of  stilling  basin  with  baffle  blocks  at  base  of 
concrete  chute. 

Concrete  wall  of  spillway  at  right  side  of  stilling  basin. 

Seepage  in  spillway  channel  about  half-way  down  slope  on 
right  side.  Seepage  is  occurring  in  bedrock  slope  cut. 

View  of  discharge  channel  downstream  of  spillway. 


Forest  Lake  Dan 
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Photo  3  -  Picture  of  downstream  slope  of  dam  taken  down¬ 

stream  of  dam  at  left  side. 


Photo  4  -  View  along  crest  of  dam  taken  at  left  side  of  dam 


Forest  Lake  Ham 


Photo  7  -  Picture  of  pump  house  taken  from  dam  crest  near 

right  abutment. 
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Forest  Li ke 


Photo  15  -  Seepage  in  spillway  channel  about  half-way  down 

slope  on  right  side.  Seepage  is  occurring  in  bed¬ 
rock  slope  cut. 


Photo  16  -  View  of  discharge  channel  downstream  of  spillway. 


APPENDIX  B 


HYDROLOGIC  COMPUTATIONS 


Contour  interval  20  feet 


10  foot  contour*  added  in  duahed  tine* 
national  GIOOCTIC  vCRTiCAl  D*Tu«  O'  »•« 

DRAINAGE  BOUNDARY - 


FOREST  LAKE  DAM 
DRAINAGE  BASIN 


piiiiii 

!■■■■■■! 


!■■■■■■■! 

!■■■■■■■! 

IBBSSSB 


[■■■■■■■■■■■■■■■■iiSi 

rnmmmmmmmmmmmmmmm 
■■■Ba 

!■■■■■ 

■■■■Ill 

■■■■■■■■■■■■■■■VUMUMHBHa 

■■■■■■■■■■■iHHfti^HHHHU 

nmiHuniHMiwaniiiiiHi 

iumnSniuHiiiuuiiiifli 

■■■■■■■■■■■■■■■■IWi9IB«| 

mmwm  nmw 

■■■■■■■■■■■  ■  ■  i  in~ 

mmmmmmmmmmmmmmmmmm 

EBBBffldHI 

ISSSSSSSSSBSSaSSSSSSSSSSSS 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■■■■■■i 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 


133  d  '  HSH)  NOI 1VA3T3 


FOREST  LAKE  DAM 
RESERVOIR  CAPACITY  CURVE 


FEET 


N 

o 

00 

<o 

CM 

o 

o 

o 

o 

o 

o 

CO 

00 

00 

00 

00 

00 

oo 

13  33  '  (TS  W)  NOI1VA3T3 


CSJ 

K 


* 

<X> 


<o 

IO 


CM 

in 


CVJ 


u> 


CD 


o 


FOREST  LAKE  DAM 
SPILLWAY  8  OVERTOP  RATING  CURVE 


DISCHARGE  IN  THOUSAND  CFS 


M4* 


si 


T5 rj*\9  d  £vn<n|  £ 


•«  it  •»  «  "  u>  _r 

??  3?  5  <7 »  *>  ^  f? 
•9  3?  37  £  £  CO  2 


-  5*?+*  * 

^a+rl  £*£l  $ 

$  §  $  £ 

-  t  ct  <*  Jo  to 


(O  (O  A  ^  (<1  A  (° 


rt  Ct  ^  «  r{  H 


2  -,Oi 
:/,  3  3 

^  3  oi  0  t 


—  fN  ro  •$  vS>  0\ 


^ai?s«S4?a??a 


wo-4-^c  ^nooooo 

go<ntf\<JvpfP?rr.  ~7 

o  o  o  O  -  -  ~ - 


a\ 

<f> 

*';iizri.=--~- 


i.;  jsj  c.5- .  a. i-t i nxr c jr  consultants,  i no. 

to'H-S/U  cry  .TAtStecT/QAi  -  /nissoujli  ^etko.  /  OF.  if 
—  fafiesr  iake  job  uo.  L-j _ 

MAI  /  £_  flyfl  &C><sAfi  PA  _  by  ^ 

'  !  1  '  1  ’  i  ;  ’ 

/.  Dflflirtfl^E  -  scSoO  /)t z  -  fe.yj 

I  of  srff/irt  -  jl  -  2.27  rf/ 

3.  D'ff£#£A)cB.  /aJ  £L£\Z4T/^aJ 

/}  H  -  ■=  /^>  Ft. 

y.  Tz/H-e-  ^  <?o/0  cfA)r#ATioA>  72: 

y-  _  (Mil£L  i  3  }  ^3es  . 

/  /A  ?  r  2.Z73  \  °’3SS 

rc  :  (  /4o  J 

£  =  <?.?S  M, 


S’.  146  T/rt£  lr  -  *  Tc_ 

*-t  ~  *>'  6  *  *>'75  ~  Q-S7//A 

*  f flirt  ffl/J  cfrttT  floflAr/ert,  £> 

tue  0  -  /O  /ri/Aj ,  -  £>,/££  //A 

fs/A^AQle  EAR  VltHR  f/nfl 
<T/UC  til/ir/0A>S  C/J/AJ6  HE</AQ  J 

7.  T/ me  To  f£ 4k  Tf 

7f  *  £  +  0.4*  7^ 

1}  =  +  o.i  x  a.  js  =  o,  £S  y/? 


■L  .i  J.N  ^ _ A  J.  JLX 


OJJ  rv  j.  JLN  v_x  OUXN9ULI  J.'  jHl  iN  '±'  t=i,  iJN  U 


A?  >S 53>ct/t  * 


SC  5 


£?«tsr  £/9stf _ 

i26i  iT. _ nyoftoGtA/3*  0Mit//tr/c>A> 


_ SHEET  NO.  ...  ?-  OF 

_ JOB  NO.  1223—  oa 

- BY  If  L  € _ DATE— ^ 


ft  ■  '••!  ! 


.  r . 


TT1 


-  r---) 


IT 


|  I  f  | 


9)  trufu/i  i*a>£a*  M*)ir  //M/vxs/tAPH 


T/*>£ 

r/r? 

>  1 

tiAJir  h/moo/sath 

r/rt  Cj  r 

S'* AS) 

pjji :*t1A6£ 

s'*?*) 

<5.0 

o.ooo 

1 

O'  00 

<2.000 

0*1 

o,  o/S 

0‘O7 

/83.21 

0.2 

O.C7S 

&,  /  7 

7/6 , 9/ 

0.3 

0.66 

0'20 

1  995.  06 

O,  V 

O' 78 

0 ' 2.6, 

372/'  36 

O'  vs 

O,  33 

3990.6/ 

o.c. 

&,6f> 

<*J1 

733  h  1* 

0.7 

o.7) 

O.V4 

0675,5/ 

o.B 

o.zy 

0.  S2 

/o  63  o*65 

ay 

o.17 

o.s 1 

// 852.56 

1,0 

1,00 

0,63 

122)  9,11 

1,1 

0.  <7* 

0,  72 

11  979.76 

1,Z 

0,92 

0,7$ 

It  291 ,6/ 

1,3 

o,  *9 

0.85 

/0Z6*).O8 

>’i 

o,7S 

0.9/ 

7/61.3$ 

1,5 

0  64 

o,  98 

0669,63 

1,4 

0.  £4 

1,0/ 

6  9 92.72 

1,0 

0.92 

1./7 

5132*0*) 

20 

0.3  2 

1.3  c 

3710*1? 

2  2 

0.71 

/.  93 

2  132.51 

2l! 

0,16 

1 '  56 

2  111.  11 

2.6 

0,  /3 

1,69 

/S  00,11 

2  2> 

o.  oy  g 

1,82 

1/77.10 

3.0 

*.07  S 

A  75 

7/6.91 

3.5 

o,  o  34 

2.29 

931. 81 

7.o 

0.0)8 

2.60 

2/1, 19 

1.S 

o,  coy 

2-  93 

/ol.V 

s.o 

o,  00  V 

2.25 

*/&M 

"4'At'J.  4  V-Cnr  tA  J  JVU:  _  _ _ ..SHEET  NO  l  or 

Ko^fcjST  LAKE  ri>A>1  .  _  -JOB  mo  '  Ar’-  ^  "DOJ. 

f^O  P fri SPA Wf  Ju.  ^AXiMQM _ _.  OlM^ _ by  —  date - 

•  i’ll  i  i  ;  i  i  1  ;  ■  j  '••';*!"  •  !  ’ '  r  i  1  |  r  i  r  1  *"*' 

I  '  1  i  |  '  1  PORgS>T  WfiW.g  TUAtA 


r  "> 


^JpTfct.'Kj-nTlAA  ism  j^KS 


6-r  ^e.\<LT('rvVno  ^OA'rxcugfc'  &nc&s  f\§  1  "VIaC- 
j  It)-  A.  =■  lO,SOO  cxcrrt>  =»  I  4.' 4-1  *cc  ' 

/i<  l)^t'(:w’nC-  5~TAV  .  ^rvAo4-  7 •  ,  I 

LoccvA  vcm  CcfnSt'EoSsi  fcyfc.**vrv: 

,!’!'.  ;W*An.<fc*j6^  .Wvl.*-  4-0*19°  I  j  •  ■'  1 

'  l  i  1  ^,PMf  j-^crr  4100  .  Yvvc  i  2<!  2A  •&*£-  A\*rrt&<M 

’  '  !  ^22>\<$"C  jW!  ! 

j  ,  1  ;  ^  '  1  . 

3.X><£A^,*(>rr\\'r\0  \ory'kc/vmS  ar^- j»emca*c\c\^( 

,  *6  «iUf^  '-jo<  yA<4<3*5  c|wre«Avmij 

U^ca^M^n;;  Wn'i  j  v  4o  ••-••»•  •  -*  *  •  * 

-  ;■;■;■.  !  :  j  x  o ;  ■■  >  *  .  j 

.  i  i*^-  •  '  .  i  i  -  •  •  .  !  ! 


6* 


JJu'ToA'vorx 

*  i 

j-fct  c«wt>K: 

~TO>v^»U 

ToAoA 

-rcA',r»^cA.U 

^U-n-fdAV. 

-Oj-CftVMJfA?) 

^urr 

r*rvc- 

'V-r'C-rA 

CWto-D 

go 

(WW*0 

G-rvcWV) 

0-0 

G 

3$  ■ 

' 

33' 4 

a  3*  4 

1^- 

.  \\b 

■xvi 

4-3 

G 

P4 

\OSp, 

30M 

£'4 

1 

4-8 

140 

33-  5 

3-4 

2.4 

4 


XU  XN  V_T  X  XN  S2j  JCj  XU.  X  XN  <JT  V _ V>-»  XN  S=>  LJ  X_i  X'  XU  IN  i'S3,  i.XNU, 


Av>* 


\  OF  l 


SftrfeTti  iKS^ctia-^/ _ sheet  no. a  of 

Fofcfcsr  <~X>a-m  _  _ job  no.  Jiaa^ioftx— - - 

lQQ-^/kAK  Puorifr  ^€C,^fct^>\<rts>  fc<S.-  by  -MA&  date JkrillZ® 

•  •  ■  t  i  . . .  ■  ■ 

rOR&£T  UftRk  TAM 


lOO-'tffcAR  ^VOOT)  \£>N)  <RfcG«fe.feS*lTt*  tA. 


R 


'^CSi.  lD>v  -- £en  tc>0-^e««rr  '^Trr 

«M  i  <&5uV v  ;  -  _  0<02. 

o*^2A-A 

=  ®s->  A  s 

U^jfcrre  A«  «^rV-dC>.Y\0^e,  AfK  CfluA*  Vvjy. 

-  tYUAAx*-  <^v&\2rfr^  tXr  olsT^C-  .  $£'/ • 
^.Av/j.  kksyt,  4»tixi*A.<Yv  0‘fttu  &  O*asv0 
F<5Y  t-A^OL  ; 

A.  -  10  SCO  se.  \C.*4-^ 

S  =  ^p/'70w*  «*■  B©*24-^/»^! 

-o-oi 

...  ®‘9'i4'  0,07/ 

■'■  ^\C>6  =  (§5*DQ^D  C5©"24)^ 


ijiiMcf  pf’ltli-**  t»Lf i)i.*tlONS 


%  Mf" 


'  '  .  *  %  *  -,**** ^ 


fr- .  •. 


<*■-  •-**•©«*  oo«.-«*w  *»  iw^»*«3  »>  rf*  ui  «.  ®  -o®«,oinc^«W*»V'»*r-  «  -»•»-••«»*•  m  t» 

®  *>  o  a\H*  ^  ■•■•  *»|  O  •  o  4>  •  —  ®,a*  o®l«©»MrfV",o  *»  *»  *n  m  o  *•<*♦-#-  «\^ia  ►*  >v*  mm>-m  •  ***#>  o 

«*a«4««^  «•*■*•  a  **  »  mm  o  a  o  «  •  a  «o*ax>or-o  r«.|o  <*  « 

~m~m  m  mimm  ••**  «  «•*«»•  -*•  •?**  a*  mw+.m  •o^^-wjrr«»*  a  r  r-  o  .0  «  a«fio<«  -»to  «  •» —  x  — *®  m  *—  —  — 

'  —  —  —  —  «N  MW  Hi  **»■*  «W  Ml  **aS  •*♦*»**»  >**«  9  43  « **  4>  «T  *•  9  •*  ^  •»»*-*««  «V(A»  —  —  j 

•  ;  !  ;  ^  ;  :  •  -; 

to  —  C  OOOOOOOOOOOOO  O  O  C  O’o  0  0  90  o©  aooooooooctoo  o«  O  O  O  O  O  •«  CODOCOOOOO 

—  — .  ....  -*  -~*^r  •  *&!*:•«■**>.«  r  4XK  f-  N*»Kn  (Un,»ltiriCi^»flK'W-(W«a(  M'fV.  (\tn.(VIM«|^Al  •uW»«»  rv*M  «W  *r«i  fXHNiWK  a 

—  «■  «•  _  -an  *>999  a  cj  a  j  q  joqqcoocc  oo  o  •  o  o  a  «o  c  o  ’ 


►-  r-  9  »  e  a-  a  OK'*  o  -  «  a  a  a  a  «  a  o  a  •  o  a  a  ■«  «  a  to  a  a 

r  n  j  inr  ir  vi  a"-  ir  if  t  «c«<KkPirirtf  >rir  9  a  va  a  a  c  c  c  o  c  c  o  o  o<c  cooooooa 
. . . . *  * . *  *  *  1 . 


>  p>  i  9  c»-#Vi»'’air'<^i«  a  e  —  m  *r. .«  ir  £>  *~  *  »  o  —  rw  a  *r  >0  cat  »-<v*o  a  m  •  c. 

a  m  a  a  a  a  a  a  a  »r  rf'  .r  ir  in  a  «n  \f  >n  *r  -c  *>  ■£.  -c  «  «  «  •£  f  ^ 


n/tv  '\J'\»r\.i><»Wi\j*a<\if\j*\j/v«»^  rwiW  <W  ^rw  ft|  *rf**v  r\i  eVj'm  iwnrru^i  «l| 
>  C  O  C  O  0,0  C  oc-c  0,0  OC  0  0  0  0  0  OOOOOOOOO  OjO  ocoocoocooooc  o 


-.  c  <».o  ®  oie  ©c©ooeeocc*>*‘®40««.  f  «  —  c  a  a  actriNNa^-fvcM/ff^flnifuctftrir^^  o***  wm  **< 

iTa  -»•«♦■  <,  »  iT  /»^r  k  o  *^o  *(*•«  ^•u»»c  *  , 

\4  -  £  O  (W  r  £  •.  —  J*  G  C?  .arnha©— .TOO—  O'— ^  a—a***»i0r'e>^a*"'»V  —  —  r 


cccccoocooc  c.ocjc.ccaa^aaaa^o^A-to-oirc  xh^K^irriir^/.  Tro-Jti  a  a  o  o  o.c  o  c  o  c  oo  o  o 
aoc  oocoooc  c  0£>  C  C  C  C-‘  09Cw9CCOO0C  a  O  »•  -"  3  —  CCOOCOOOOOOC  OOOOCOCCOOOOO  -.^ 

ocooc'occoccoc.  »o-c  e®e  ooeocaooc 


CO  C  o  oc  o  c«  o  o  c 

f  !  < :  J  \ 

r  it  ir  r  »r«'  o  o»  c  c  oo  c  oc  o  t%  J  , 

ooc  eoc  ooc  ooooeoee  'r.  w  ■  ^  t 

—  -***1 . .  *  *  *i  |T  t 


c  a  o  •■mk'  3r  c  ►*  a  m  o  —*\i  **  air  t  o«.ln'"  < 


t  -v 

’'  >.  y 


nLr  ^ 

l.I 


I  1  ,  ,  :  .  t  J  _^t  I  W 

rS«  oS  o  0-0  c  ITS  5o“occoeocSooo'c»  oco«  ctoc  oococo  c"p  oopc  •  “T1  •  “jam  •  J  AM  ’/fV 

.  .  .  .  .  «.  .  .  .  ...  •■_•••  •  »  -  ;;  ••;•'•  •  r  •  ■  •  *  •-•-•_•  ^zz. Z3Z~  -Z£2>ZJi3  •  WT 


'  t  > 


-  i  I  -  ' 


i  .  r  ' 


i  I 


•'  f 


•  i  «  } 

yt-;  * 


s  *  t; 


?>  Ms 

rf' , 

t'vih 


»  ^  r  V  • 


•  >  4 

aL.  t«<d  r 


•f  * 

i* 


y^r* 

f  !'•  i 

r  t 

'  ! 

*> 

S.-  .1 

;  -  * 

V  1 

■  '  i  1 

.  '  i 


]V  I*  f  ‘  1 

?  •  •  ♦•••»•  •  «•••, 
W>  ®  •**■>  w  ►«  *a  »■  v»  —  *v*»  o  -* 

•+-  «  »««  —  — *-  —  O  3  —  « 

♦*■■■»»»  o  mb 

•*■**  «  cr  «•••*«•  —  —  — 

U-  «  4ft  •* 


o»#  ty  T~  \tin«^3oai 
ir  «v«ir  /  m  3  < 
7IM30^«riP 

««4CN^CMII  «••.«  — 
\  3  3 


i  in  ip  0-  ^>^c^x«noo<» 

*•-*-  3  ^  c  -  t'n^cA.agn 

^  ^  «  <v  9  c  ^ 

>r  x  -c^x)*-***— —  —  — 


I  -OlT/  c  3 
rife  •  •  ^  c. 
_i  c  9,  c  3  «  a 

C  4.  =»  ■*■  ^  £  X 

>  ^*  ir  r-  -y,  «n 


!>  i 

•WVj 

•<  <  I 


3  ^  C  ~  3 

‘  -C  *\,  3  3  c- 

I  ru  a  t/-  </*  — 

>  -c  -  —  — 


■  .r  e  e  v 
>3*3  i 

■  a  O  *?  y  ** 


.  X  /  o  c  -» 

'  X  v^r  — 
3  X  ./  »r  3 


OOCOOOO**IOX.*— 4_  O  ►K  o  0  3  Ai  3  «  f*K>  #  | 

**  *C  ^  *  *r,  ♦  *  I-  •*»  C  C  tft  *»• 

<  *9  ^  M  «•  g  V  p  9  O  M  —  ^ 


c  c  ocrc  o  c  «*r  »  x  -coor\,iroo_o-?.4>«  <D  «■>  *»  *»  to  o  in! 

«**  °  •  ••KliBK'oa  SMA^OIVONK 

•*x«***'«»*>*>0  3 

—  f*  i\t  , 


C  C  O  Q  C  O  C<  l\J  ~~  C  ^  r\j  * —  O  ^  ‘1^  O  O  >v4  4)  *3  ^  (ft  g  q  ^  ^  q  ^  ^  ^  t  ■ 

3  -  K  »*  »®CT9^%^0*B  ~  •.  9  «  N  K  4  3  ail 

3  *T»  i A  •  *•*'  •^*^iX'3»»«(Voo‘c.«.r^r-  _jM  * 

"  ^  ~*  rv,  ^1  <^1*1 1*1  »  -IT  c  ®, 


^  •  •  •  . . . * . .  c  I 

_Si3Ct;>-00<--?XiJ''V.i£»OOXOa»—  ^^.»\|^«>09*-  *-  ' 

-  '■*•■£  ^  9  ff  •«  ■  ■»  i  ►-  jr  *> 

~  ^  ^  —  •****i-r.C  3  3  3.®«>»\l  —  cr  *»  r» 

-  -9- 

— —X  «  *  *■ 

3  K) 

‘  C  Ot 

X  «V,  •■ 

^  ,  .  ,  . . . . .  •  H  f 

‘-c:!5C‘C’OC  »*•  o  «£•  «  C  c.  ■**  —  3  .  a  —  3WW  A.OO®  2?  «* 

-»■  xrxrv  ■r^*'rva  3’W9iS'3»»9*->-*>.«» 

—  *'  ^  —  *--^o 

*i  — «« *v  —  a-  • 

=!  *  *  « 


! '  *  _4'  r  ^  ^  ®  L  »  3  3  —  c-  o  *..  r»j 

9  X  9  "  **  *1  t-C3  —  X*~-r~*>-0 

•  J  ^  3  \  -o  9  -*.  My 


.«*  J 


i  #  .r  j  £ 
*  ^  --  — 


oac  —  •-'DC.*-  *  o  c  r-  c  3  3  j  g  r-  ^  y  o  e»  — ' 

--'X  -^•'*nc<®3^ 


*  * 
A.  ’  «t 


■Cl  l  -  — 
'  3  •**  O  3  £ 
c  o  ir  i/1  r 


••.•*•••••••••• 

7  0^ 
a»T 

«  x-  X  ►  O  •-  — 
f  «r 


1  »  Ml  •'►  C  lM'  *lc  3  0  9 

*'►  •-  «'«  b-it«  r'  •  r- 

‘t^^OKVO  *.  o  ►  r  to 

*  -C  o  x  «-  3  3  •*—«—«- 


3  —  -T  C  <T  C  Ci  -  -s:j^3X  -  <->  ^  —<  O'  3aX3»-^-3  K  *1  l  (\J0  - 

X.  *-■ ■  ^  j\  —  3«.9g1n*i*p*o-rw  ^ 

-  fv  i*  9  <  ir  ip«< 


^  ^  ^  -  c  3‘'<03f9(:-«tkt.oa 

«  *  *  -  A  ****•«►— 

J  ^  (T  ■  t*‘p*>>*ta«^x3  4k<~r'K«*^^tr 

•'V—  **»•*>•*«*•«.*'  — 

— •  3  —  , 


c‘cc'*c>^a^'C*/e  uri  'Ci)*'i»  *>♦»  -c  ►-  oV>  c  9 

\  -  »<4P«*  C  1  9|»  IT  «««►  Olut  •*>  9 

**vr-  iT>  f\j  <X  »*>!«  fV  3«M««o  — ttf-'T-  M 

—  •*  —  •*  ^  % 


L 

-  I* 


,  %  \ 


1  I  ^ 

'  J'V. 

lii 


* 


Hr  is-, 

* 


•V^  -  ? 


*'±~  * .  * 


tu 


***** 


•>  * 


c.  u  o  ooooor'  a 


————————  ®  •  o  « 

_  _  _  _  _  __  _  33  3«33933A»*A>ifi’*>ArA<Aj'V3Oir3»''«’0  3l*>  —  O  At  _ _ _ _ _ 

^  *  >•-  vv'  v  it  A»AdAtA,A;AiAiAJAi*A3iiA»AfA»n*A»A«A»A3  3  3  XA*.*A'i/%4/'a«r  *,  *  *  *  *  *  ® 

—  -a  .A  At,  —  ———————  — *—  —  —  —  —  —  —  —  —  —  — 


ecoeoo — , 

0(0  O  OIC  o  o' 

- ■•  *• 


I 


—  fV  —  »A  W1  T  9  \,  it  \  a  O  O  4 
■toaiAAito  —  «a.—  .ca  «  ■*  e  —  fl 
»■  c  c«  o  3  ^  r  o  c  a  -  c  »  ^  r 

—  «**  4  A» 


I 


—  —  —  —  — •  —  —  »■»»'«'■  "AcjA-XOAt  —  4>»a  3  n-  a\  c  ;A  3  3  3  r- 
•*•*,******>  *r.  Kr^^^irio'VKtCrf'*©BCC(w  «icc  ocoooo» 

3  a  a  3  a  a  3  a  tr  •-  stinv'VA^ivnc^c  irir  ;  j"v  o  —  r-  »a 

'\.AiA,AiA.»VAtA,Ai*#‘As»A.*^<^-— 3  3  £A-o>A-3>(r33 


oo  ccoeoBK.ni 

l©  C  ©00009' 
o  o  o  e  c  ©to  o  I 

•  to  «  « 


S,-. 


*• 


-  a*  —  4»C(T  - -  -  -  -  -  -  —  »3©wa-c»-»»»c  r  4  o  <v  IT  « —  •  •  i 

~  — k*4«««OTOa.3Q[/'o<w«  —  p^**,*#***,^,**^— a.*a„  .a  ®  <v  cv  —  9  3S3^;«9««ara«i 


►  C  0|90< 


000©lo©ofc©0- 


:CE9(V4^C33H«'-?i'  333333  J*|(,i>JXX©rf\.'V'V^^ffaa  ?  OD  c  ct>  o  o  o  o  c 

“  ■  - “  - -  -  -  -  - - - - - - - - - - t«BB»»«KBC 


a'V/lOaCAjOPAX©  *-<►  XK.IT  —  —  —  —  —  —  —  ■—  —  3©«A3lT3l-i—  03  t  —  3**/  O-Cq  -  /  C. 


►  o,c  ooeoo)D«iv 


4  k-  ^  \  r  \r  'V  *  ff  r  4  (r^Wfn-.r>E^-»\fC^^9KW(V.^«KI^*KtC*-C-  ©COOOOOOOO 


3  x  *  i 

- -  -  ■>  **•  -  C  s  3  «~ 

A.  ^  -v  — 


C  OOOOOOOC 


!> 

* 

i  *> 


.  rf-»^3-C®C'V*-3»Ar-cK'^r^  ————————  £3  3^4)  *•,  —  n 


*«k.3^9AJ33  ©  X  •  «  X  « 
—••a  3  r-  3  r  *•  a  *  3-*a 

r\j  r»  »a  -- 


.*«/3  3>JL‘V3r 


:  0  0  0(000©  —  *: 
»•*••« 

•  c  o  ojo  cr 


rr  ir\  *  r  •<•  3  *  tT  »-  t/  i  -  c-coojo 

3333  33  333X'-«  <  U  0003000000 

A.AA.AArv.lvA'VA.nAK'p^prpA-P^ir.PAK-**^  3  .T  f*  3  ►•  «  .T  3  *  *©*'0:0  00to*>0 


AjA>AIAjAiA.Al«V*VA.*A^lApAlA9»'A*^,»A*A3  3tr  ►-  O  «,  «  */N  3  3  1 

I  •  I 


0.*.-.1.  i'fc- 

oo  ©  ©!  ► 

1 


•a  «a  *ri, 


«  &  4^  —  0*0  »a  p-.  *  *>  e  3  •—  —  —  —  —  —  —  —  A.  aj  *a  a>  —  aca  ©  a-  p  i—  —  3  ix>  »•*  » 


•A  C  —  X  —  •"*  fViM  .A  ^  3  ,C 

ci  *  «  «o  *  4  -  m  o  cr  ©  *  3  —  ®  * 

—  — ***  1  0  c  a  \  Jf*  *  KI 

«  3  — 


K  0  p  c  C  4  N  O  9  C  «k  «.  0  /  3 

*  3  3  *W  —  P  *  X  A  O  ®  »*■  *  m  It  O 

©«.••*  33  Ad  A3  ©  3-  —  a  —  3 

—  3  «  — 


A^A^K  O  >T  3  3  0  03  irsASAd— >—  •«  —  3  ©  •*•  O  At  At  m , 

3  33  3  3  3  3  *  3  #  t  A  *  A  MX  3  A  A<  C.  ©  —  3V*»  3  IT  1 

A.  IV  A)  A.  A  Aj  Aj  Al  A'  IV  »A  Ain  «A«*3t*A|A^0  9  3ir^vatiP9*: 


) 


—  —  -  —  owroBKin^a  3  ©  to  x  —  «  a;  —  a  •  «•  c  x 

•**  3»  mr  AAAA3  a  3  3  »V  —  vT  3  A  — —  * A  O'  <r  A*  o  o  ITICA  « 

3  «  3^3  3  339*A«*'MrAXX  IX|A  «A3  -  •  i*'****  .3  3  IT 

•  Al  A(  A  •  fW.tV  At  A»p.  «A  IA0A  n^iAAAr  ^*33  rf"  3  3  ' 


r 


O'©  00|©0o|o  OOl 
«*•••.  m  •  *  •  . 

o©o  o|toto  oo  o  o' 

o'®  ©  0(0  3*40  O  O  1  1 

to  •  to  opp  tototo  «ci  . 

.  '  r  i  ■ 


aio  cr  B3D3|P03| 
3*  •  «  •  •  •  «  m  •, 

to«o  ©  o]e  toto**  ©  o 
•  o  o  ototo  oio  o  ©i 
mpr  •  togto&toptoto 


r-  r-  3  .  iT  iV  i  J  3  3  ? 

a  ^  x  .0  —  3  ^  A  A  —  o  x  c  c.  a  —  pa  ©  —  3  r*-  *• 

•*  ►*  «*.  3  53  »  3  JITO^  - 

—  —  a  3  o  tc  »  *>»  3  •*  a 


-  —  —  —  —  —  a  c  c  ♦  I 

«*■  **«  r+i  t*s  ^  i*i  r\j  s  #>.»».  «  —  A  A  A  ^  X  ’ 

3  3  3  3  3  3  a  3  IT  *  c  o  ♦  »  ®  a-  o^  « 

AAAAAAAAAA  fA^'K\  K>  A'Ai  a  a  t*>  *n  x 


^kTJ'-F'C^l/'-^AO-  (£  3  r-  X  O.  — 

•£  <r  a  C  A  3  A  A  —  **'A3X>f'**'A«.XAr-  -c 
A  ^  ►•-  •©  3  4  3333©X3Cr  3  o  a  •*■  x  -*  X 
—  -  A^XO-X^-CXA 


—  - .  —  —  —  —  oo*-*.  r^c  C»  »  (T^T  «  (V 

\  XV*  HI*  ^  f*1 
3  3  333  3  33  X*-  —  —  CCOO-CPO^X  X 
AAAAAAAAAA^iAX^AAAfciAXX 


SpC©C>0«»>X0  3A»X.O  —  t 

^  a  h.  *  a  c  J\fSi-/*'e--7-c»»‘^-M.q 
X*-^-«xT-33333C^  '’C.<a— 

—  A  •*  *-  —  **•  »^  X  **  A 


—  —  —  —  —  —  —  —  .OITAX  £N-tOO«<»»ur 
Kl  K(  *1  r.  IH  »  *1  t>  A  X  #■  CH,<-WH«|OOC 
3  3  3  3333331"—  —  —  t=&&(r&V1»4> 
A  A  A 


•v  -  1 

*  t. 

*  :  *1 

V,  Vj 

:■  .1 


>C)-C-C3-XO«r-  —  -5XXX  3  3  3.*"  —  —  —  —  —  —  —  —  XXtr*''M‘3t"XO£«9‘X 

*•*  —  a  O  X*  A  X  A  A  —  »*'—•'■  A3  A  r  l'  «  (H>|*  *\  fH  K  ►  X  f*  O  —  •*  « •**>  »«H  A  f3  X>  ^ 

AlXX-CX-3-?33»3a**3.PC©A**"  333333333.©  —  A  —  33‘33‘aaAJX' 

—  —  AAAAAAAAAA**iK'**'*',AAfVAA»»»**M 


socc  ©c.*-.  —  ©3Aaa*"AX3aa.— 3«3Aa  *.  x  r- 

A  3  IT  —  f"  1/  A  A  —  A.  x.  K  A  A  =>  *"  A  -C  "  —  © 

—  X  i  X  X  33330XI^3<-0  3  »  3  3  X  * 

■—  -  K.  «  c  a  x  x  ■*■  a 


—  —  —  —  X  3  —  3  «  —  ©  A  X  t_ 

pH  io  pH  Kl  *  pH  *  X  —  ©A  3  *»  **>  X*  A^  *■**  ,/> 

3  7  -  3  3  3  -J  3  3  40— A  —  c-o  3  C  3  3  A  X 

A  A  A  A  A  A  A  A  AA^^"^'*r'AlAAAA*A#*' 


L>  O  OlO«i  •SKV 


ooeooc  oooo  —  —  — — ooocgw-m  x*  «  e-  m  :j  **>  nj 
coooooc-oooocoo&oooc  oescocoo  oc  o 


o  c:  o  oto  oc'e-»^ioivc»ffce»  4  > 


OCOOOO&OOOC  CIO®  O®  < 

®®®F®»®®*®®®««®®. 


•  • 

<  /  L  -  . .  •'  .  •* 

-  f  »  .  1.  • 

*-.fc 

£  1 

r  X  I 

1  *  ■■■-.’  j 

■  *  u  .  J 

j  ‘  1 

■  *i  ‘  [■  .  *. 

'-f 

t 

1  T 

i  't 

f  i  ‘  i 

!  1  !  .  * 

f  V 

.  ( 

*  r 

j  , 

> 

i 

f  ! 

1  t 

i  f 

9 

*  ,  i 

i  J 

**j  •  9  •  •  | 

JC  ryj  a?  Mr  t»  ®  ®  t  l 

=>  M  ®  • 

_J  ftj  fC  ftj  »>.  o*< 

C  £**-«-  3 
>  IT  M  »*  —  — 

•  ® 

-*  ,  1 

1  1 

•  1 

;  .  1 

i  1 

!=  1 

.  1 

1  c* 

o  o-  «  •  -»  - 
r  x.  — */  ►■  Mr 

•  IT  —  f\#  — 


®  an  ®  x  «»-,X 

U.  Xlulh 

JU1  «  3 


Wm  **">  sta»*oe  UnI"  a*  mnihi>»  suh»»*v  rtm  NUttf»u  t>LAN-»*tin  ichnWU  crt«^Ut*fiON» 
Hons  in  cimtr  MM  pf»  sscono  rcuHt  ncuks  pin  sHlino) 

»<n  in  unuAift  "lilts  tsqum  MLnNrttHts 


PERCKNT  OF  PMF  FLOOD  ROUTING 


EQUAL  TO  SPILLWAY  CAPACITY 


MTO»US»»*K  »ODtlNO 


:»1<Y  l)<  C»M  •  >u  A I  »N!S 


FOREST  LAKE  DAM 


100  YEAR  FLOOD  DETERMINATION  AND  ROUTING 
FROM  PRECIPITATION  DATA 


i*  Md*»nu«iu*H 


J3|»3»<J  Hd»*9Uog 

. . . . V* 


t.V 


rtn*  I'M 1 1  r,»*pn,  KUMCns 


1 

i*4 

T^*  * 


a  a  £  Vx*  n-v.  'X* 


> :  ;=  - 

.  :  <  *v 

t  ■  [- 

t  %  •  ;* 

i  .  '  •»  ■ 

•  •]  i« 

i  /  i  * 


—  OOOOCOOCCCOoOOOCCOC' 


J-J.  J  ‘M* 
0  00«|0»»  ^ 
o  o  o  oo  o  o  *  *  £ 


«  oooc>oooocoooooocooccocoocoooooO( 

•*-  O  C  o  O  O  O  O  O  O  O  G  O  C.  C  O  O  O  O  C  C  O  G  O  O  O  O  O  O  O  0  Oil 

K  £<C(.C(iCC( 


:  _•  _•  _-  _•  _*  _■  _•_*  _*  _■  _•  _•  _•  -■  _•  -■  -•  _•  _*  _•  -  -  *4-*-  -I 


«-•  o  -  7  C  CCCCOC  OCC  2CC  ^  &  COCOCCOcOOCOOOOOOOl 


•  •  _•  o  «t  «  J  »- 

—  co*  r  3  r  T 

**  O  C_  C  c* 

a  D  j  •  : 

IW  t:  c  —  a 


-  ©  «  _*  C  — 

»  •  o  a.  ^ 

fe/  o  c  -r 


•  J. 

I  * 


?■>  • 


ooooococ  O  O  C  c  o  c  c  c  o  c  c  oc.  oooocoooooc  o'ooo  O  I 


•r  •> 

«r  c.  •  • 

ol  «m  cr 

•M  ®  kT*  X 


y  A.  •  • 

«.  c  r-  c 

*  w  *r  o  o 

X  c  r*  *•  • 

5»  —  *  O 


r*  <  c  c.-  kw  • 

a  a  »*»  «  a  c 

«  •  51  *«"  L.  «“ 


^  a  c  —  —  *»nr» -o  •  x  «  «  f 

J=  c  •  X  .- 

U-  •  «  A.  I 

a  -c  -  o  '  *  I 

"  ©  «  I  2  —  —  —  a-^5ir  <^>l#C  -*:*V  f*»  *  W*  00»*T  0-0  _ 

*-  C  •>  C.  T  —  —  —  ~  —  —  —  -  —  —  A,«\,A,f\iA»\*VA»AilA^K‘«n  #«  •*<  m  -m  m  mi  ■ 


•  ^  —  »  a  a  i/ufi 


A;;;;;**;. 


1  •  •?' 

«  >V" 


n  ooococc- 


>  O  O  ©  O  O  C  ID  O  ©  !C  OOVOCfOOO' 


f  Ij-Vf 

Lfivjj 


If 


L  -.  .  :  '« 


>  ;;  r  V  !•.  f  ^  --  i 

VZ.4U***  jiihw/t--*  ^  A  •  - 


^  sy\>rK 


m 

# 

WL 


■  * 

^  * 

> 


*  ^  i.  .**- 


*'r  ;•! 

L*a 


t>1 

•  'l  I 


**> 

%  i-‘ 


>c  c  e  c.  —  — .  —  a  a  iT  9  o^kko^qv  «  cc  9  CL.e»VB#««tr  n%  «>e  I 

>0<G>OOOGOCOOOOCOOGOO— —  —  'WA.vAa  99  3  3tf'tr</'99999999*«®9  3  * 

>ooooococooooocococoocooooooo<aocooooeooaoooooo< 

btCKCCtCIBCtttlilCI  C  *  a  *.  a  CCCC.Ca.XCC<  9  «.  CC  ®  ®  ft  CCCCCCCCI 


— a.9  99  i-Af''*rc'^y'3K>./»9  ?  *  o  c .  ®  x-  ft  r~  o  »r  •*■■  9  n\i  —  <999  «CK«>vrn^C9civr 
»*A  «  »*1  V“  3*XOI"i/'®»-*^C  3  9  r}3CI'irMC'-ff^ir^lf'/<1'<C30<\''»<C','CC»« 

19  «  «  3  «  3  9  9  m  9  99  9  99  999  9  9  C<  X  |T  |T  X  ^1  K  N  t.  \  9  ^  1-  O  f-  9  —  —  —  OC99C®#»P» 

9>OA  rw  A;  CM'*,  g*  Ifc  IV,  «V  A<  ft*  f\  *1  ft.  *V  <Vl  l\f  l\I  Ai  *\i  A*  ftl  Cfc  *V  «\t  A«  r\.  r>j  f\j  fW  f«*  ^  9  9  9  9  «T  If*  «T  V>  V  9  IT  tn  9  **  tf*  <T  tf*  9  ®  3  3  9  9 


’'►■lT*^9K>9f»G99  f  /  C  O\Ci9X09\;rtOK^C»'«/l\»OO«Ol0-*'MKO»C» 
—  Al  9  X,  X  C.  »A  kA  f"  .-  •'■C  —  9'^30G»**999  9N  W^lX«IV9  MC  «  \  K  *«  §-(»> 

—  —  —  —  A  A»«V>A*A3.r«.Aj*®®3A<»‘*  —  9  9  9  **  A.  —  9«  Ar^MOCKn 

-*-'v^«xrx£C<xcc«xxxrrrir9  3  94 


»OGOOGOr>93®«»V£—  ft.  999®—  IT=»  3  »A  9  »>  —  9C©»A9«4"  —  Of*  «C 

—  ^  a  —  9^9—  *-«C^®9f-»-9  X  —  9  CO  rV3LT9rw»-»9»V>9»-.  —  (C99 

c/cc/cao*-  <v  3  9  x>  3  3  ©©./■.—♦•■  -  c/ X09-9- 

—  — - A(  Ai  A.  I\j  A.  A.  3  4f-  99  3  —  ft  ©  F-  *A  ft  IT  9  .A  D  **v CA 

—  Ai  A.  »A  A  A#  —  —  — 


—  —  9  *  r  4  »  « 

9  *»-  9  o  ►-  9-9 

A*  A>aw  Ai  rv  —  — - 


im-m^ **■  o  a- 


^C‘A-f''©r-'AGA-'*Acr'-»'‘or*.*Ac'~-K\c*'«AcK»FO^Fi 
»  ©  —  K*9«9®0  —  «A  ./*  -C  ®  ©  —  *A  tT  £  «  C  —  «T  £  a  C  —  ^ 

•  •••••*•••<••••••••••••••••••• 


*•  »"  c  r*  —  c  f»  f-  c  o^i" 

—  "■  U*  A  U.  G  —  ^9  o  ft  ©  —  *a  x  <eo*^x  4  t  G  — cA 


'.M 


-  ’•’•) 

*-  «  . 

?M 


.  <«  i-9»  KNFN*X  9®<c®9  ^9999  OOCG  C  ©  —  ——  —  —  —  AAiAA-AAi^cA^-^rAfAfta  3  3  3  9  S'  J*  J~  if  iT  iT  £  9  X  99 

#  - -  - - - - - - - - - - - 

1—  niw  IT  ft  4c  ©  9  G  —  «yF“34T9^*X90  —  fVjF  3  />  f  f  4  J  c  -  A*  —  -  »T  C  »“  ft  9  c—  A'*9irftr^C90  —  •AifA9.*r-OA>c9C‘ 
p©  9  3^9  39a9«X/'iririrXi/‘r1fX<XXtiiJH  X  *  *  «  ®  xff<r999999*999C 


><£®£«C99999?eO'GCC  —  —  ——  —  —  AA.AAjA.A  —  F'*'  *A  —  3  9  99  9  9trr'ATV*«rm®999  9 


>  c  o  O  O  C  C-  C  GO'TCC'OOC  G  C_  O  C  C>  C  O  6  C  C  C-  O  ':  C  O  G  G  ©  O  < 


oc  o  c  o  o  o  c  o  « 


fK7^ 


t*  r 

E* 

£■ 

I* « 

r* 


£' 

i^T 

-  fe* 

9.  . 

J. 

kf 


•■./I 

si! 


•  • 


'.  *‘  r  » 


*•  v  r  ef  ■*»•  *  *  ■  •  ,T  >  *  •  r  '•+*  9*1 

■/■-  *3 


*1*11  'lilt  *• 


f 


-Ifcafe  *% 

ii*0*  . . . 

.  " 

9  *  ,  * 

‘  *  £  , 


.  -  “V, 


W*.  » 

;  i 


-  '*  ‘L 


■1 


*•*  »*  **  (WA  fWw  «w  K<  — —  —  «•  —  ocococ.  ooc»ffa7»»099«cccaKicc  c  «.  &  r-  r*  *>»-  » 


sr  — <vfv^w*Vfx.»^3^  —  •''fio  -v,x»»*\43g«''*--— .rc-*^^  —  rcr  —  x»  '<-«  4>  —  -«  »m  r-  *«  «  i« 

©  o»  «•  *>  «4T»*r»v  —  c<r  x  *.  x  x*  9  —  -  o  a  <r  ®  «  r-  ««ir  a  a<^K(VM^oo»»e«KK««kr4ra  ?  «*  **  a*  *»  «•  «» 

*w  —  —  —  —  —  —  —  c'eococc.oooooc»9»»»99»99»e'»etf»»»«c«s»  •«««>««  «««««« 

•*•  *\  **  ~*  i~  •*  •*'f*t*\r^t~>’*''\in^f\jf\.r\i<\,f\j'\Jr\ir\.r\-*\jt\it\4r\.'^r\,t\tt\ir\dr\;*lirynjr\am.r\.f\i  r\i,<\l  Air^ni^iM 


cw^r^fwcB^vrwfx  —  ffi^ira^tvc  o  9  <r  *  *••  «  t  9  tr  j  ?  kiwmm  -  —  <*e  ■•■«**  <*  rvi 

c^NP>^f.K««£  rx  jjiri/'ir/^'/ir/'a  -?  a  9  9  a  999  a  a  9  ;•  a  9  9  9--’  ^  *»■*  «*>  ^ 

«»«•••••  ••#  •••  •••  •••  •*••«•••••••••  •  ■•••  ••••••••  •'••••  ••*••••••! 

oecccooc  ooooc  ooc  c.occte-cooc  ococ  ooocoooccccooooooe9oooooo3oO 


n  • 


k.p.r.r.p.r»cat««r(i»»9»c  a  ©  c  c  c  -  ©-•  —  —.-—— a  9«r-©ir*,ir«r»',<rxi©,««.j>i 

—  i  —  i*  a  x*  x  x  9  ©  —  *\  •*  9  *r  x  ^  «.  a  c  iv  »*»  •  ji  x.  f-  a  *  o  -  *v«^  a  ir^«  *.  clp  o  ^  a  iT  #f.«  ®  o, 

■M  M  C  4  C  (  &  &  a  9  9  9  0  999999<OC  ©  c  c.  ©  ©  —  — »—  «—  —  —  m 

—  —  —  —  »  ^  —  —  —  —  —  —  —  —  —  —  —  ■~*-».-'V<V,V*\rv.<\l*ir\il\(X##\.f\jr\J«\!‘V»V«J»\J*^rw«*< 

c  c  a  c  ^  c  5  9  e  c  o  c  c  ©  s  c  o  c.  ;  c  o  c  ©  i  r  a  o  q  c  c  ©  3  e  2  o  t  c  ooccccoccsccccococoocoo 
9  o  —  ir  ii  c  — rv  «\.  •*  3  x  c  —  »v»*'-3*r©»-'*»r  /  ©  •-  rv.  •*  ©  tT  c- 


•Min^^K'o^ivffaaa/ir^/ir/t  c  £  4i4>-c**“*.r-*»*'«*'  8t©ccx999oa9ecotec< 


%’V\.»xrviVrvfWf\<,\.fV(\<»Vi\jf^j»V'V»V'\.fv  fvrv  ry.»v'\ir*i\.r*,'\4iV'\J^aif\*r\(<\(fvi>mMV*V'\.'\J»*»<\»'\.r\i#M4VA<abf\iXj  TSi  (WlM  9k  fV*  )■ 

oc  ©  ©  c  cesorrccsoccsr  ©  e  =  c  ©.©cccccc  ©occocoooceoeoc  rococo©©  ©!©  ©  one  o,  ’■ 


■'*%’*  .  y 


’•  ••  ,i  •;•  ••<  .>***>a^.*> 

X  .  -  #»  C  *.*  *♦  «*  '  ,  ^  V  J*  ^  ►% 

;  <9&Mrh£k*  i.'*'*  y«W  fc-A- 


w 


•:** 

r"  t' 


m 


4  «r  *>t-v  s;  V-'-'  ~ 


:  .  t-, -.'jaaswi 


j  y  .- 


i  >  ^  * 

j  ^ 


soooooooc-oc  oc  o  .1  <j  c  cooo«ooooooococooocoocooooe  9  0  o  0*0  O  ( 
)  o  O  o  ooooc  ooc  C.  O  c  occ  ooooe  C  OOOOOOOOOOO&OOOOOOCOOOC*  OO  O  € 

.cccccccciciiii.itAcca  xncftCLticc  «  «C  ®  c.  K.  c  icccea«ic«KCiccccci 


>  m  4  ^ 

*  ^ 

•  r 


9#ir*<C9e4\?iP-«9»  —  — 

e»o»#cc^K»>  o  «  ^  r  r  a  «*  o^i"^iv\f*.---oc  c.  9  &  &  *  m>  &  a>  *-  r~  *  *  4>  &  tr>  *r>  9\m  9  &  **  r»  ******  *»  •*>  4 

v.  *  P*  •-  r*  ^  t*  r-  r~  **  ^  *~  *~  r*  't*  r-  *  -c  ■£■<}£  4  *  4  *>  -C  *  -O  ++  4  +  -O  ■•*+£«  *  *  *  -o  *  +  * .  vf 

<%A<«ktrwA*A»'W<V  Mifti  Ain.'VA.*wr\*r\.rv.rviAjrN.»vrv.f\.<\.A,A*fvrvjfvA.A.f\irv<*\Jnj#\.rvA*'\if\j*v*\iArfAjAiA<ArA**\iAjr\iAiru»\.Ai  Ki.rvi  «w  at 


K  h>  K  4  «,«  «  4)|  •  * 


•  ®»— ®9  —  ^  c-  a  «v»  «■«  -  *  —  *  4>  w  i r  ^  — 

»  a  r  c  c  «•♦*.  =3  a^i«<»i*r'v<v«\.»w-fc.---coooa»»4ce®l»»' 

,A*,\.A*'\lA(r\.*\*AiAlAA*fVA:'VA«'V,\*Ai*><AlAlA.A>i\JAj*\<A<'\|A.'\*,VA<AjA.**i~»«--»  »-—«•*■• 


^  .  4 

* 


)oeeecc.oa,cc9ef>ecocooccocooooceccot)coeeoocooceooco»c|c9ooceoo«  « 


m  c  ®  *-  -«■*  o  ^  f*"  c  o  ■*>©►-  *^or-»*,o*-**©A»**'o*'»''or-vr.oA'  **»  o  ■'i  c  r-  tA  xi  *-  K'  c  »A  o  *-  *A  c  a-  ^  o  r-  »a  < 
»  c>  4-i  ^  4  to  £  x  6»«r«c9«<<ir4cc>««ir  *rxa.o  —  ^  vr  ©<«  o  —  •*  • 

•  r>«>  *».  p»  r*  a.  *.  eicxr^tt?  ©  y  c  ©  ©  =,  c  ©  —  —  «•-  -*~-f\j»vfv,A.*VAi»A«*'s»A**’''«  9  a  =»w  -airiojr^rtr^®©®  . 

f*+rnw\  ^  M>  K-  fn  ««  f*  «*-**  -n*^'*'3ff-J^3»3«»aa3^>T^iI3rTtTO^a9^«ra^^«CT«»9CrOl*»»T3- 

:  *  -i 

-a.  w  a  r  fc.  !  9  c  —  rv  ^  c-rv^aiTOKC?  -  a*^  af  «^C9  o  —  A.  •*13#'  ( 

-  «<  a<  «i  *m  «  a*  a.  \  m*»  «"  ***  «*•  ^***  r^wK‘9a»TOoo«aarirrir/lnfj'/r44444«444<K^^»'  r-  *■>♦-  » 

<M  A*  MftfW  A.  (V*A  AlA*fV'VAAAAAiAA('A'\.»VA*A<AifWAlA«A;A.»VA«AA.XAArv.«VAA*'V'vn*'\*A.Ai'VA*J^'VA*CVA<A»AiA*A»'A»f 


Al  **M  *>****•*  &  &  »a//iTiT/,r*«4»4X. 


>  o  C  O  OI 

>  —  «V  © ! 

iaaiwm1 


1  *v  <W' Ai  *VA^i\JA.A*fVA>A,'VA<A,'V.A*,\<<,\.A*A.'vrv,<\,'VA«r\jA.<VAr\,rWf\*rvA<'VA.A.fVfVAiA*f\>(\.A.f\i'VAjAjArf«VrviA1A<A|r 

toococc  ;e  coo^c  see  ^ecec  occcec  cococcoc  cco^coococecee  a.c  c  c  o  •  ( 


~  #  5: 


0  •  •  • 


•VS* 


i~  -  ?/-.  A  .  ^ 

Ills* 


4  *  •  •  •  • 

»y*V 

*4  -  t  •’•  .  •• 


l-> 

•$>:S 


■J*?$ 


?5U> 


l-itl 


*»  *  t  tos  4PPL1F0  TO  I  i  Ohs 


- 

1 " 


H 

* ,  Oi&ss  •'  'iw  i  / 


^  »  '  »■  * 

5  C  < 

' 


»  I 


y 


